In their article Wang et al. [1] claim to achieve optical isolation in purely linear and passive silicon photonics structures in no conflict with the Lorentz reciprocity theorem. We believe that the authors were unaware of the fact that higher order modes of the considered waveguide sections contributed significantly to the outcome of their simulations and measurements. In addition, simulated and experimental results cannot be compared if the excited modes are not defined. Specifying only the total power flowing over the cross section of a waveguide does not unambiguously determine the excitation and transmission conditions in a multimode waveguide. It may well occur that for certain excitation conditions the total power flow in the waveguide cross section is different for forward and backward directions. But this fact does not allow building an optical isolator, because for the very same structure there are also excitation conditions for which forward and backward transmitted powers are equal. A simple example of such a device is the coupling between a single mode and a multimode fibre. There will be almost 100% power transmission from a single mode fibre into a multimode fibre but, vice versa, during backward propagation the modes of the multimode fibre -if not excited with exactly the same phase and amplitude relations as resulted from the previous single mode fibre excitation-will be strongly scattered and reflected by the single mode fibre. Such a simple arrangement can by no means be called an optical isolator and cannot implement the functionality of an optical isolator. The reason is that a proper amplitude and phase combination of the modes in the multimode fibre will lead to almost 100% backward power transmission. It should be also said that the complex coupling coefficients between the mode of a single mode fibre in one of two orthogonal polarisations (representing one port each) to a particular mode of the multimode fibre in a specific polarisation (representing another port) are the same for forward and backward propagation. Thus even though the overall power transmission from a single mode fibre to a multimode fibre is almost 100%, the transmission into any particular mode of the multimode fibre is usually very low.
The authors have cited our Comment in Science Journal [2] , which corrected a flaw in a paper published in Science. Unfortunately, they are making exactly the same kind of mistake as was made in the Science paper we commented. Their explanation that the obtained results don't contradict the reciprocity principle is incorrect. In their derivation the authors label as "port A" and "port B" multimode waveguides, whereas, for reasons stated above, each mode for each polarization should have been labeled as a separate port. But even if their waveguides were single moded, the derivation provided is still incorrect. The authors apply timereversal symmetry and confuse it with reciprocity. It should be mentioned here, that reciprocity does not require timereversal symmetry. An example would be a system with absorption loss. The reversed transmitted signals on their way back through the structure will be absorbed a second time and will never result in the initial excitation. Thus, time reversal symmetry is not fulfilled in this case. At the same time, the system with loss is still reciprocal and has equal transmission coefficients for forward and backward propagation. In the article the authors base their explanation on time reversal symmetry. By excluding the scattered energy they come to the conclusion that the reversed signal will not generate the initial excitation. But the reciprocity condition does not require the reproduction of initial conditions; it only requires the equality of forward and backward transmission coefficients for individual modes or ports. It follows from the Lorentz reciprocity theorem that the forward and backward transmission coefficients T 12 and T 21 between any two modes of the system are equal. This is identical to the symmetry of the scattering matrix S=S T , a property mentioned but not correctly considered by the authors.
To summarize, the authors have discussed a multimode system without correctly considering the reciprocity properties of transmissions between individual modes of the system. They also erroneously assume time-reversal symmetry to be a necessary condition for reciprocity. Using a non-standard definition of reciprocity, they wrongly claim to have found optical isolation in a purely linear and passive silicon photonic structure.
